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A complete determination of New Physics parameters in leptonic decays of B0
s
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Recently LHCb and CMS have measured the branching ratio of the rare decay of B0s → µ
+µ−
which is at par with the predicted standard model (SM) value. This result does not predict the
absence of new physics (NP), rather it confines the NP parameter-space in a more stringent fashion.
In this paper we have used the general loop level Hamiltonian to constrain the parameter space
for the NP couplings for B0s → µ
+µ− from the experimental branching ratio. Using the available
parameter space for these couplings, we have explored the angular analysis of the cascade decay
of B0s → τ
+τ− → (ρ+ν¯τ )τ+(pi
−ντ )τ− → ((pi
+pi0)ρ+ ν¯τ )τ+(pi
−ντ )τ− . This analysis shows presence
of NP can be identified by the angular analysis and also shows how to isolate the NP contribution
from the SM. We believe that in future with the reduced error in the branching ratio measurement
and better τ cone reconstruction technique we will be able to probe NP signal using this angular
analysis.
PACS numbers.: 13.20.He, 13.35.Dx, 12.60.-i.
I. INTRODUCTION
The rare decays of neutral B0s -mesons into 2-body lep-
tonic modes, B0s → l+l− for l = e, µ, τ can happen
in Standard Model(SM) only through flavour changing
neutral current(FCNC) processes. They cannot occur
through tree level processes and can be mediated by
only electro-weak box and Z penguin diagrams and are
extremely rare due to helicity suppression by (ml/M)
2
factor where ml and M are the masses of the lepton
l = e, µ, τ and B0s respectively. These decays are fur-
ther suppressed by (fB0s/M)
2 due to an internal quark
annihilation within the B0s meson, where fB0s is the de-
cay constant of the B0s meson. In SM, the main uncer-
tainty comes due to the partial knowledge of the decay
constant and CKM matrix elements involved in these
branching ratios(BR). Though recently using different
lattice QCD methods, error has been reduced in the es-
timation of these decay constants [1]. In SM, [2],
BR(B0s → e+e−) ≈ O(10−13),
BR(B0s → µ+µ−) = (3.2± 0.2)× 10−9. (1)
BR(B0s → τ+τ−) ≈ O(10−6 − 10−7).
Due to smallness of the BR(B0s → e+e−), verifying it
is beyond the scope of present experimental limit. The
BR(B0s → τ+τ−) is the largest of the helicity suppressed
purely leptonic decays, since the amplitude is propor-
tional to the mass of the lepton ml. However, the τ lep-
tons are difficult to detect making the detection of this
mode uniquely challenging. The complications for this
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mode arise not only from the combinatorial background
but also from the fact that at least the two ντ from the τ
lepton decays are undetected and hence the two τ leptons
cannot be fully reconstructed. At present we do not have
exact experimental numbers for most of these BRs, but
recently LHCb collaboration [3] has given experimental
data on
BR(B0s → µ+µ−) = 2.9+1.1−1.0 × 10−9 (2)
and CMS has given [4]
BR(B0s → µ+µ−) = 3.0+1.0−0.9 × 10−9. (3)
In this paper we mainly concentrate on (B0s → l+l−)
channel, except l = e. We consider that NP contribution
in B0s → l+l− can occur only through loop level process
like its SM counterpart. With this assumption, the ef-
fective Hamiltonian for the process B0s → l+l− can be
written in terms of three distinct Dirac bilinear contri-
butions as (almost same as [5])
Heff = −(GFα/2
√
2pi)(V ∗tsVtb){CAA(s¯γµγ5b)(l¯γµγ5l)
+ClPS((s¯γ5b)(l¯l) + C
l
PP (s¯γ5b)(l¯γ5l)}(4)
and the matrix element for the process can be written as
[6]:
M = ifBs(GFα/2
√
2pi)(V ∗tsVtb)[Al(l¯γ5l) +Bl(l¯l)], (5)
where,
Al = 2mlCAA − M
2
mb +ms
ClPP , (6)
Bl = − M
2
mb +ms
ClPS .
CAA is the axial vector - axial vector type interaction
term. It is present in the SM and in general, this
type of coupling may be present in NP too. The ml
factor before CAA comes due to helicity suppression.
2We divide CAA into two terms C
SM
AA and C
NP
AA . C
SM
AA
is solely the SM part and CNPAA is coming due to the
NP contribution and we call it as NP1. C
l
PP and
ClPS are the pseudo scalar - pseudo scalar and pseudo
scalar - scalar type interaction terms respectively. ClPP
can have a possible SM contribution from a neutral
Goldstone boson penguin diagram [7] and ClPS can have
a possible SM contribution from SM Higgs penguin
diagram [8]. But these contributions from SM higgs
and neutral Goldstone bosons to the amplitude are
further suppressed by
m2b
M2
W
compared to the dominant
contribution. That is why the SM contributions in
ClPP and C
l
PS can be ignored and it can be considered
that they are coming from purely NP contribution. For
our discussion we distinguish these two terms as NP2
and NP3 respectively. In this Hamiltonian as both NP
and SM are appearing at loop level, we have separated
out α and CKM elements from the C couplings unlike [5].
In SM, CAA coupling is identical for the process
B0s → l+l− for l = µ and l = τ , whereas in existing
NP models like MSSM, 2HDM, top-color assisted LHT
models, it has been shown that ClPP and C
l
PS get ml
suppression factor [9] due to the involvement of various
NP particles in box, penguin and fermion self-energy
diagrams. But no such effect ofml suppression factor has
been predicted for CNPAA coupling in existing literature.
In our paper, we consider CSMAA and C
NP
AA are same,
whereas ClPP and C
l
PS have a ml suppression factor
for l = µ and l = τ in BR(B0s → l+l−). With this
assumption, it can be seen from Eq. (6) that both Bl
and Al will differ for different BR(B0s → l+l−) due to
the involvement of different lepton masses.
LHCb and CMS data of the BR(B0s → µ+µ−) is
in the same ballpark of the SM, but it is not ruling
out the possibility of the presence of new Physics
coming from any one of the three different type of NP
interaction terms. We have to wait till the experimental
error reduces to have any conclusive remark on the
presence of new physics in this leptonic decay mode.
There is a possibility that all of NP1, NP2 and NP3
terms are present but they are cancelling each other
in such a fashion that at the end of the day the SM
term gives the main contribution in the branching
ratio. Another possibility is that any one of the NP
and SM terms are mutually cancelling each other and
contribution from rest of the two NP terms satisfies the
experimental data. Our main intention is to construct
such observables which can separate out the effect of
the presence of the NP contribution from its SM coun-
terpart or at least identify the prominent presence of NP.
Considering the general Hamiltonian, it has been
shown that the CAA term is nothing but the Willson
coefficient C10 [10]. We are not taking the value of CAA
exactly same as C10 as there is some uncertainty. We
constrain the parameter space for CSMAA from the SM
estimated value of BR(B0s → µ+µ−) and then using
this constraint we figure out the allowed parameter
space for the modulus of CNPAA , C
µ
PP and C
µ
PS from
the experimental data of BR(B0s → µ+µ−). From
these constraints we can figure out the sizes for the
modulus of CτPP and C
τ
PS , whereas we cannot obtain
any bound on the phase factor of these couplings. We
choose that the phases can vary from 0 − pi for the C
couplings involved in B0s → τ+τ− as in general these
couplings can be complex. Using these constraints we
figure out the sizes of Aτ and Bτ . With these allowed
sets of Aτ and Bτ we present an angular analysis of the
cascade decay of B0s → τ+τ− → (ρ+ν¯τ )τ+(pi−ντ )τ− →
((pi+pi0)ρ+ ν¯τ )τ+(pi
−ντ )τ− in a model independent fash-
ion to check whether we can separate out Bτ (which is
purely NP contribution) from Aτ or we can establish a
measurable difference between SM and NP effect due to
Aτ itself. Isolation of Bτ will help us further to constrain
the scalar sector. Here we would like to mention that
it has been shown in literature that NP contribution in
BR(B0s → τ+τ−) can be much larger, 3% - 10% [5],[11]
which will open up many more ways to find NP signature.
In Section II we constrain the parameter space for
CSMAA (SM), C
NP
AA (NP1), C
µ
PP (NP2) and C
µ
PS(NP3), us-
ing the experimental branching ratio for B0s → µ+µ−.
For this purpose we quote the relevant formulae and
present the necessary numerical input. Section III.A
deals with the cascade decays of B0s → τ+τ−. The choice
of reference frame for this cascade decay is discussed in
detail. The angular analysis for the cascade decay is dis-
cussed in Section III.B. Various observables which help
to establish the fact that the presence of NP makes a
measurable difference from SM are discussed in this sec-
tion too. We conclude and summarize in Section IV. In
Appendix, we present the matrix element square for the
cascade decay of B0s .
II. CONSTRAINTS FROM B0s → µ
+µ−
In this section first we figure out the constraints on
CSMAA from the theoretical branching ratio ofB
0
s → µ+µ−,
considering all the NP contribution as zero. Now in SM,
BR(B0s → µ+µ−) =
Mm2µ
32pi3
f2B0sG
2
Fα
2|Vts|2|Vtb|2τB0s√
1− 4m
2
µ
M2
|CAA|2
(7)
Where τB0s is the lifetime of B
0
s . Following the general
Hamiltonian from Eq. (4) and considering that all the
3Observables Value Reference
M 5366.77 ± 0.24 MeV [12]
mµ 105.66 MeV [12]
mτ 1776.82 ± 0.16 MeV [12]
mb 4660± 30 MeV [12]
ms 95± 5 MeV [12]
fB0s 224± 5 MeV [13]
GF 1.166 × 10
−11MeV−2 [12]
Vts 0.04073
+0.0012
−0.0018 [14]
(±3σ)
Vtb 0.999132
+0.000076
−0.000052 [14]
(±3σ)
τB0s (1.516 ± 0.011) × 10
−12 s [12]
TABLE I: Numerical inputs of Eq. (7)
couplings are present, the branching ratio can be written
as:
BR(B0s → µ+µ−) = C
[
c21µ|CAA|2 + c22|CµPP |2 + c22c23|CµPS |2
− 2c1µc2Real(CAACµ∗PP )
]
(8)
where,
|CAA| =
√
(|CSMAA |2 + |CNPAA |2 + 2Real(CSMAA CNP∗AA ))
C = M
128pi3
f2B0sG
2
Fα
2|Vts|2|Vtb|2τB0s c3
c1µ = 2mµ
c2 =
M2
mb +ms
c3 =
√
1− 4m
2
µ
M2
The modulus of the couplings Aµ, Bµ, Aτ and Bτ has
the following relations with the C couplings:
|Aµ(τ)| =
[
c21µ(τ)|CSMAA |2 + c21µ(τ)|CNPAA |2 + c22|Cµ(τ)PP |2
+ 2c21µ(τ)|CSMAA ||CNPAA |cosφAN
− 2c1µ(τ)c2|CSMAA ||Cµ(τ)PP |cosφµ(τ)PP
− 2c1µ(τ)c2|CNPAA ||Cµ(τ)PP |cos (φAN − φµ(τ)PP )
] 1
2
(9)
and
|Bµ(τ)| = c2|Cµ(τ)PS | (10)
where c1τ = 2mτ , φAN , φ
µ
PP , φ
τ
PP are the phases
of CNPAA , C
µ
PP , C
τ
PP respectively. We choose the phase
factor of CSMAA as zero without any loss of generality
as only the relative phase between two couplings is
important. Rest of the C couplings have the following
relations for these decay channels:
|CµPP | = mµ|CPP |
|CτPP | = mτ |CPP | =
mτ
mµ
|CµPP | (11)
|CµPS | = mµ|CPS |
|CτPS | = mτ |CPS | =
mτ
mµ
|CµPS |
Here |CPP | is same for both µ and τ and |CPS | is
also same for both µ and τ . The magnitude of these
couplings have been expressed in some particular NP
models [9]. In our paper first we obtain bounds on the
modulus of the C couplings involved in B0s → µ+µ− us-
ing the experimental branching ratio data from Eq. (2).
Table. (I) contains the data used for this calculation.
Experimental error has been included in each numerical
input used in the branching ratio. With these bounds
we restrict the modulus of the C couplings involved in
B0s → τ+τ− decay using Eq. (11). We vary φAN , φτPP
from 0 − pi as there is no way we can constrain these
phases.
As stated earlier that the experimental branching
ratio may not be fully satisfied by SM only, there is some
scope of NP. We explore all the possible scenarios. At
this point we would like to mention that in our following
discussion whenever we talk about these couplings, we
actually talk about their modulus.
First in Case-I, we constrain the parameter space of
the CSMAA from the SM branching ratio of B
0
s → µ+µ−[2]
considering all NP terms as zero. From this constrain
we can estimate the value of Aτ which satisfies the range
from 19 to 21.5 for this case. Due to the absence of NP,
the coefficient Bτ is zero here.
Next in Case-II, we include only NP1 from all possible
NP contributions with our SM contribution and compare
the estimated branching ratio with the experimental
branching ratio of B0s → µ+µ−[3]. It gives bound on
CAA which has been used to figure out the allowed range
of Aτ . Here Aτ ranges from 0.65 − 64.6. Like that in
Case-III, we choose only NP2 coupling with SM. In this
case Aτ ranges from 0.3 − 63.8. These large ranges for
Aτ in these two situations are due to the constructive
and destructive interference between the SM and NP
couplings. φAN and φ
τ
PP are individually playing a key
role to increase the range of Aτ from the sole presence
of SM. In both of these situations, Bτ remains zero
as we can have nonzero Bτ only if NP3 is present. If
4Case Allowed situation Range of Γ× 1022 |Bτ | Γ× 10
22
|Aτ |(GeV) when (GeV) including
|Bτ | = 0 (Max.) |Bτ |(Max)
I SM 19− 21.5 52.7 − 67.5 0 52.7− 67.5
II SM+NP1 0.65 − 64.6 0.0617 − 615 0 0.0617 − 615
III SM+NP2 0.3− 63.8 0.0131 − 594 0 0.0131 − 594
IV SM+NP3 19− 21.5 52.7 − 67.5 11.4 103− 121
V SM+NP1+NP2 0.35 − 83.3 0.0159 − 1010 0 0.0159 − 1010
VI SM+NP1+NP3 1.5− 63.3 0.328 − 585 22.8 56.2 − 670
VII SM+NP2+NP3 0.2− 62.7 0.00584 − 574 22.7 54.7 − 658
VIII SM+NP1+NP2+NP3 0.95 − 81.6 0.131 − 972 22.8 55.7 − 1070
TABLE II: Allowed range of |Aτ | and maximum |Bτ | obtained from the experimental branching ratio are mentioned in third and
fifth column. The range of decay width of the cascade decay B0s → τ
+τ− → (ρ+ν¯τ )τ+(pi
−ντ )τ− → ((pi
+pi0ρ+ + ν¯τ )τ+(pi
−ντ )τ−
for our Analysis-I for various ranges of |Aτ | in the absence of Bτ and in the presence of maximum |Bτ | are mentioned in fourth
and sixth column respectively.
we add only NP3 with SM which is Case-IV, then the
value of Aτ remains exactly same as Case-I. This is
quite natural as NP3 alone cannot affect the value of
Aτ . This situation is significantly different from Case-II
and Case-III as in this case we have nonzero Bτ and it
ranges between 0− 11.4.
After this we consider situations where any two NP
couplings are present with SM. In Case-V, we consider
the presence of SM +NP1 +NP2. Here Aτ ranges from
0.35− 83.3 and Bτ remains 0. In this case a very unnat-
ural fine tuning happens between SM, NP1 and NP2. It
gives unbounded parameter space for NP1 and NP2. It
happens due to the presence of three interference terms
between SM-NP1, SM-NP2 and NP1-NP2. In this
situation, we take a logistic approach, where we neglect
the values of the couplings for which fine tuning among
SM, NP1 and NP2 is less then 20%. This amount of
fine tuning is sufficient to show the difference between
the presence of NP from SM. This choice of fine tuning
is a very common practice in existing literature[15]. In
this way we avoid a very unnatural fine tuning between
all the couplings.
Similarly we figure out the ranges for Aτ and Bτ for
the cases of simultaneous presence of SM +NP1 +NP3
and SM +NP2 +NP3 which are mentioned in Case-VI
and Case-VII respectively. All these values are listed
in Table. (II). In Case-VIII we consider that all the
NP couplings are present with SM. In that case Aτ
ranges from 0.95 − 81.6 and Bτ ranges from 0 − 22.8.
In Case-V to Case-VIII, we can notice that when
both NP1 and NP2 are simultaneously present with
SM, we get maximum range for Aτ almost(0 − 81).
This is expected as for these two cases two phases
φAN and φ
τ
PP are simultaneously playing important
role in the interference between various couplings. If
only φAN or φ
τ
PP is present then Aτ mostly remains
between 0 − 65 which is quite large compared to the
case when only SM is present i.e. Case-I(19 − 21.5).
The role of the phase factors in the interference between
different couplings is quite clear from all these situations.
All these cases and their outcomes are presented in
Table. (II), Fig. (1) and Fig. (2). At this point we want
to mention that we have verified the allowed parameter
space of CAA, CPP , CPS , Aτ and Bτ using the time
integrated SM value of branching ratio for B0s → µ+µ−
[16] too. We have not found any significant difference in
the estimated values of Aτ and Bτ .
Our main motivation is to isolate the NP from the
SM so that it can be probed via experiment or at least
establish a process of analysis such that the presence of
any kind of NP can be identified prominently. It leads us
to the obvious question that for what values of Aτ and
Bτ we should continue our further analysis. Table. (II)
gives us the maximum allowed value for Aτ is 81.6 and
Bτ is 22.8. The minimum is 0.2 and 0 respectively as
mentioned in Table. (II). In next section we discuss about
the way to isolate NP from SM.
III. THE DECAY B0s → τ
+τ− →
(ρ+ν¯τ )τ+(pi
−ντ )τ− → ((pi
+pi0)
ρ+ + ν¯τ )τ+(pi
−ντ )τ−
It is now clear that though experimental branching
ratio of B0s → µ+µ− is within the same regime of SM,
the possibility of the presence of NP is not ruled out.
However, the main challenge is how to experimentally
observe the presence of NP. For this purpose we are
exploring a good old technique of angular analysis[17].
For such angular analysis we will choose B0s → τ+τ−
not the B0s → µ+µ− as further decays of muons is
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FIG. 1: (a) Allowed ranges of |Aτ | and |Bτ | for Case-I, II, III and IV. (b) Allowed ranges of |Aτ | and |Bτ | for Case-I, V, VI
and VII.
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FIG. 2: Allowed ranges of |Aτ | and |Bτ | for Case-I, II, V
and VIII.
not suitable for doing angular analysis to isolate the
NP from SM. The decay of B0s → τ+τ− is also gov-
erned by the same effective Hamiltonian involved in
B0s → µ+µ− decay except for the fact that µ mass is
replaced by τ . Then we consider the further decays of
τ ’s. It makes B0s → τ+τ− → (ρ+ν¯τ )τ+(pi−ντ )τ− →
((pi+pi0
ρ+
+ ν¯τ )τ+(pi
−ντ )τ− as an interesting choice to
perform angular analysis. In this section our primary
motivation is to present a technique to distinguish
experimentally the various NP effects from the SM
contribution through angular analysis of this cascade
decay channel.
We divide this section into two parts. For the cascade
decay, we provide the information about different refer-
ence frames, momentums of various particles involved,
assumptions of ignoring negligible masses, constraints
FIG. 3: Four momentums and the rest frame of the interme-
diate particles of cascade decay.
from energy-momentum conservation relations etc. in the
first part. Second part involves detail analysis. Where we
show that how NP can be isolated from SM via this anal-
ysis. However, one very essential and remarkable thing
which we establish there is that if any kind of NP is
present then that situation is significantly different from
the sole presence of SM in our angular analysis, which
can be tested experimentally at LHCb, using sophisti-
cated technique.
III. A. Relevant formulae for the cascade decay of
B0s
We begin by considering the decay B0s (P ) →
τ+(p+)τ
−(p−). And then consider, the τ
+ and τ− to de-
cay further with τ+(p+) → ρ+(q)ντ (qν¯) and τ−(p−) →
pi−(k)ντ (kν). The ρ
+ produced is considered to decay
into pi+ and pi0, with four-momentum q1 and q2 respec-
tively. We first define the kinematics of the process by
6expressing the four momentum vectors of all the particles
in the decay process. We describe the decay in the B0s
rest frame, where, the τ+ and τ− decay back to back.
The z axis is defined to be along the direction of the ρ+
as shown in Fig. 3.
The momenta and the angles involved in the decay are
related in the B0s rest frame as follows:
Pµ(B0s ) = { M, 0, 0, 0 },
pµ+(τ
+) =
M
2
{1, y sin θτ , 0, y cos θτ },
pµ−(τ
−) =
M
2
(1,−y sin θτ , 0,−y cos θτ },
qµ(ρ+) = {
√
q2 +m2ρ, 0, 0, q },
kµ(pi−) = { k, k sin θ cosφ, k sin θ sinφ, k cos θ },
qµ1 (pi
+) = { q1, q1 sin θ1 cosφ1, q1 sin θ1 sinφ1, q1 cos θ1 },
where we have used Pµ = pµ+ + p
µ
− to obtain
y =
(
1− 4mτ
2
M2
) 1
2
. (12)
The remaining three energy-momentum conservation re-
lations, pµ+ = q
µ + qµ
ν¯
, pµ− = k
µ + kµ
ν
, and qµ = qµ1 + q
µ
2 ,
give us the freedom to eliminate qµ
ν¯
, kµ
ν
, qµ2 in terms of
the rest of the momentums. The on-shell conditions
for the initial B0s meson, the final state pions and the
neutrinos are P 2 = M2, q21 = q
2
2 = k
2 = m2pi and
q2ν¯ = k
2
ν = 0 respectively. We also require the intermedi-
ate τ± leptons and ρ meson to be on shell, which is im-
posed by using p2+ = p
2
− = m
2
τ and q
2 = m2ρ respectively.
Energy-momentum conservation gives (pµ+ − qµ)2 = 0 =
m2τ +m
2
ρ−M
√
q2 +m2ρ +Mqy cos θ, resulting in a rela-
tion for θτ :
cos θτ =
1
qy
[ √
q2 +m2ρ −
1
M
(m2τ +m
2
ρ)
]
. (13)
The pi− and ντ momentum can be easily written in τ
−
rest frame since pi− and ντ are back to back. Neglecting
the masses of pions and neutrinos, their respective four
momentums are as follows :
pµ
pi−
=
mτ
2
{1, sin θm cosφm, sin θm sinφm, cos θm}, (14)
pµ
ν
=
mτ
2
{1,− sin θm cosφm,− sin θm sinφm,− cos θm}.
We note that θm and φm are angles described in the τ
−
rest frame. Similarly, in τ+ rest frame, ρ+ and ν¯ are
back to back and their respective four momentums are as
given in terms of τ+ rest frame angles θp and φp as follows:
pµ
ρ+
= {m
2
τ +m
2
ρ
2mτ
,
m2τ −m2ρ
2mτ
sin θp cosφp,
m2τ −m2ρ
2mτ
sin θp sinφp,
m2τ −m2ρ
2mτ
cos θp }
(15)
pµ
ν¯
=
m2τ −m2ρ
2mτ
{1,− sin θp cosφp,− sin θp sinφp,− cos θp }.
With the same logic the pi+ and pi0 are back to back
in the ρ+ rest frame. Considering ρ+ along z axis
and neglecting masses of pions and neutrinos, their
respective four momentums are described in terms of
the rest frame angles θ′ and φ′ as follows:
pµ
pi+
=
mρ
2
{1, sin θ′ cosφ′, sin θ′ sinφ′, cos θ′}, (16)
pµ
pi0
=
mρ
2
{1,− sin θ′ cosφ′,− sin θ′ sinφ′,− cos θ′ }.
The angles of decay products defined in the B0s rest
frame can be expressed in terms of the angles defined in
the respective rest frames of τ+ (θp, φp), τ
− (θm, φm) and
ρ+ (θ′, φ′). We always have the freedom to choose either
φp or φm as zero as the relative angle between any two
azimuthal angles is the only relevant quantity. Without
any loss of generality we choose φp = 0. The relations
between the other two azimuthal angles are simplified to
φ = φm and φ1 = φ
′ with this choice. The remaining
relations are,
cos θ = −M
4k
[
(y − cos θm) cos θτ +
√
1− y2 sin θτ sin θm cosφm
]
,
cos θ1 =
1
2q1
[
q +
√
q2 +m2ρ cos θ
′
]
,
q =
M
4m2τ
[
{(m2τ +m2ρ) + y(m2τ −m2ρ) cos θp}2 −
16m4τm
2
ρ
M2
] 1
2
,
k =
M
4
[ 1− y cos θm ] ,
q1 =
1
2
[ √
q2 +m2ρ + q cos θ
′
]
.
7The partial decay width for B0s → τ+τ− → ρ+ν¯τpi−ντ → pi+pi0ν¯τpi−ντ can be written as
dΓ =
3y(α fBq GF )
2 |V ∗tq|2|Vtb|2
64 pi5 M m8τ
BR ( τ+ → ρ+ν¯)BR(ρ+ → pi+pi0 )BR ( τ− → pi−ντ )
|M|2 d(cos θp) d(cos θm) d(cos θ′) d(φm) d(φ′). (17)
At this point we would like to mention that B0s rest
frame can be chosen as lab frame and angles in this frame
are measurable quantities. Matrix element for this cas-
cade decay is expressed in terms of these lab angles in
Table.(III) - (VI), whereas from Eq. (17) it is clear that
τ+, τ−, ρ+ rest frame angles are necessary to numeri-
cally estimate the total decay width Γ for this cascade
decay, though these angles cannot be measured. For this
purpose we have provided the relations between lab and
individual rest frame angles in this section. The final ma-
trix element square for the cascade decay of B0s is given
in Appendix.
III. B. Analysis
This cascade decay involves total five indepen-
dent angles, 3 polar which can be measured without
any ambiguity and two azimuthal angles which can
be measured with two fold ambiguity. With these
angle information, we prescribe five observables as
dΓ
dcosθτ
, dΓ
dcosθ
, dΓ
dcosθ1
, dΓ
dφ1
, dΓ
dφ
. These observables are
functions of Aτ and Bτ , hence, sensitive to various NP.
Using the constraints obtained for Aτ and Bτ from
Table. (II), we numerically estimate the sizes of these
partial decay widths with the help of Vegas[18]. We have
estimated that at 14TeV, with 50fb−1 total integrated
luminosity, LHCb can generate 104 − 107 B0s → τ+τ−
events for our allowed range of Aτ and Bτ . So there
will be sufficient number of events available to verify our
analysis.
Aτ involves both SM and NP terms whereas Bτ in-
volves purely NP term. We divide our analysis into two
separate parts. In the first part, our main motivation is
to prescribe a way to detect the the presence of NP. Af-
ter that we try to show that if NP is present then “how
do we determine it’s Lorentz structure?”. In the second
part of our analysis, we explore the region where these
partial decay widths are sensitive to Bτ for a fixed value
of Aτ . This sensitivity gives us a hope to isolate a pure
NP term from SM experimentally.
Definite indication of New Physics
In this section our main aim is to show whether we
can clearly establish the presence of NP or not. For this
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FIG. 4: (a) Variation of observable dΓ
dCosθ
as a func-
tion of Cosθ for SM, SM+NP1, SM+NP1+NP2 and
SM+NP1+NP2+NP3 for largest allowed |Aτ |. (b) Variation
of observable dΓ
dCosθτ
as a function of Cosθτ for SM, SM+NP1,
SM+NP1+NP2 and SM+NP1+NP2+NP3 for largest al-
lowed |Aτ |. For all these diagrams we have chosen |Bτ | = 0.
purpose we take two approaches.
1. The first approach is to estimate the decay
width Γ of the cascade decay B0s → τ+τ− →
(ρ+ν¯τ )τ+(pi
−ντ )τ− → ((pi+pi0)ρ+ ν¯τ )τ+(pi−ντ )τ−
and to check whether this Γ can tell us anything
about NP or not.
2. The second approach is to do an angular analysis
of the same cascade decay with five partial decay
widths dΓ
dcosθτ
, dΓ
dcosθ
, dΓ
dcosθ1
, dΓ
dφ1
, dΓ
dφ
which are func-
tions of θτ , θ, θ1, φ1 and φ respectively. For this
second approach we investigate whether these par-
tial decay widths can provide us more information
about the presence of NP or not.
To figure out Γ for various cases mentioned in Ta-
ble. (II), first we consider Bτ as zero and estimate the
ranges of Γ for allowed ranges of Aτ . These constrained
ranges are mentioned in the fourth column of Table. (II).
Next we explore the possibility of including the allowed
range of Aτ in presence of allowed maximum Bτ to figure
out Γ and list them in the last column of Table. (II).
From this Table. (II), it is clear that if any NP is present,
Γ differs by at least one order from Case-I i.e. from
the situation where only SM is present. It means that
the estimation of the decay width of the cascade decay
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FIG. 5: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for different values of |Aτ | (smallest values). (b) Varia-
tion of observable dΓ
dCosθτ
as a function of Cosθτ for different
values of |Aτ | (smallest values). (c) Variation of observable
dΓ
dCosθ
as a function of Cosθ for different values of |Aτ | (largest
values). (d) Variation of observable dΓ
dCosθτ
as a function of
Cosθτ for different values of |Aτ | (largest values). For all
these diagrams we have chosen |Bτ | = 0.
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FIG. 6: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for smallest value of |Aτ | and smallest and largest val-
ues of |Bτ | for Case-IV. (b) Variation of observable
dΓ
dCosθτ
as a function of Cosθτ for smallest value of |Aτ | and smallest
and largest values of |Bτ | for Case-IV. (c) Variation of observ-
able dΓ
dCosθ
as a function of Cosθ for largest value of |Aτ | and
smallest and largest values of |Bτ | for Case-IV. (d) Variation
of observable dΓ
dCosθτ
as a function of Cosθτ for largest value
of |Aτ | and smallest and largest values of |Bτ | for Case-IV.
For both of these diagrams we have chosen the relative phase
φAτ Bτ between Aτ and Bτ as zero.
is sufficient to detect the presence of NP. Though the
main problem with this approach is that it is beyond the
present experimental limit to observe these decay width
as these are extremely small. On top of that estimation
of Γ cannot distinguish the nature of the NP.
 0
 500
 1000
 1500
 2000
-1 -0.5  0  0.5  1
10
22
xd
Γ/
dC
os
(θ)
Cos(θ)         (a)
φΑτΒτ=0
|Aτ|=21.5 and |Bτ|=0.0|Aτ|=63.3 and |Bτ|=0.0|Aτ|=62.7 and |Bτ|=0.0
 0
 1000
 2000
 3000
 4000
 5000
 0.5  0.6  0.7  0.8  0.9  1
10
22
xd
Γ/
dC
os
(θ τ
)
Cos(θτ)          (b)
φΑτΒτ=0
|Aτ|=21.5 and |Bτ|=0.0|Aτ|=63.3 and |Bτ|=0.0|Aτ|=62.7 and |Bτ|=0.0
 0
 500
 1000
 1500
 2000
-1 -0.5  0  0.5  1
10
22
xd
Γ/
dC
os
(θ)
Cos(θ)        (c)
φΑτΒτ=0
|Aτ|=21.5 and |Bτ|=11.4|Aτ|=63.3 and |Bτ|=22.8|Aτ|=62.7 and |Bτ|=22.7
 0
 1000
 2000
 3000
 4000
 5000
 6000
 0.5  0.6  0.7  0.8  0.9  1
10
22
xd
Γ/
dC
os
(θ τ
)
Cos(θτ)         (d)
φΑτΒτ=0
|Aτ|=21.5 and |Bτ|=11.4|Aτ|=63.3 and |Bτ|=22.8|Aτ|=62.7 and |Bτ|=22.7
FIG. 7: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for largest value of |Aτ | and for smallest value of |Bτ |
for Case-IV, VI and VII. (b) Variation of observable dΓ
dCosθτ
as
a function of Cosθτ for largest value of |Aτ | and for smallest
values of |Bτ | for Case-IV, VI and VII. (c) Variation of ob-
servable dΓ
dCosθ
as a function of Cosθ for largest values of |Aτ |
and |Bτ | for Case-IV, VI and VII. (d) Variation of observable
dΓ
dCosθτ
as a function of Cosθτ for largest values of |Aτ | and
|Bτ | for Case-IV, VI and VII. For all these diagrams we have
chosen the relative phase φAτ Bτ between Aτ and Bτ as zero.
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FIG. 8: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for smallest values of |Aτ | and |Bτ | for Case-II and VI.
(b) Variation of observable dΓ
dCosθτ
as a function of Cosθτ for
smallest values of |Aτ | and |Bτ | for Case-II and VI.
In our second approach, we perform angular analysis.
We estimate the partial decay width dΓ
dcosθ
, dΓ
dcosθτ
as
a function of cosθ and cosθτ respectively for SM,
SM+NP1, SM+NP1+NP2 and SM+NP1+NP2+NP3
for largest allowed Aτ and Bτ as zero using Vegas
and present it in Fig. 4(a)-(b). From this figure it is
extremely clear that presence of any kind of NP can
be clearly established from the case where only SM
is present from the estimation of these partial decay
widths. We do not present similar figure for the smallest
ranges of Aτ though we have explored that situation too.
9In that case the plot for dΓ
dcosθ
, dΓ
dcosθτ
in the presence of
NP differ by almost 2 order from the sole presence of
SM, which makes our analysis even stronger. We have
performed similar analysis for the rest of the partial
decay widths dΓ
dcosθ1
, dΓ
dφ1
, dΓ
dφ
and have come to similar
conclusion, though we do not present explicit plots
for these observables in this paper. At this point we
would like to mention that without any loss of general-
ity we have scaled dΓ
dcosθ
and dΓ
dcosθτ
by a factor of 1022
in Fig. 4 - Fig. 11 due to the smallness of these variables.
The biggest advantage of this angular analysis is that
we can measure the five angles θ, θτ , θ1, φ and φ1. The
measurement of these angles can be used to estimate
the partial decay widths dΓ
dcosθτ
, dΓ
dcosθ
, dΓ
dcosθ1
, dΓ
dφ1
, dΓ
dφ
which are functions of θτ , θ, θ1, φ1 and φ respectively.
These experimental estimation can be compared with
our theoretical estimation and presence of NP can be
established without much ambiguity.
In future if experimentally it is established that NP is
present with SM using our analysis, the next immediate
question which will rise is “what is the nature of this
NP?” We present an analysis which can answer this
question too. First we assume that NP3 is absent. Then
the remaining NP are NP1 and NP2. They can be
present individually or simultaneously with SM. Case-II,
III and V explore the possibilities of these situations.
Now our job is to suggest some analysis through which
we can differentiate these situations from each other.
We can see from Table. (II) that the allowed lowest
value of Aτ in the sole presence of SM is 19 which shifts
to 0.65, 0.3 and 0.35 for Case-II, III and V respectively.
Similarly the allowed highest value of Aτ in the sole
presence of SM is 21.5 which shifts to 64.6, 63.8 and
83.3 for Case-II, III and V respectively. The reason
for it is already mentioned in Section-II. In all these
three cases Bτ = 0. We plot
dΓ
dcosθ
as a function of
cos θ and for Aτ = 0.65, 0.3 and 0.35 and Bτ = 0 in
Fig. 5(a). It shows a clear difference in the variable
dΓ
dcosθ
for Case-II and Case-III though Case-V looks very
similar to Case-III as in these two cases the lowest values
of Aτ are quite similar. Similar plot is presented in
Fig. 5(b) for dΓ
dcosθτ
as a function of cosθτ . Here also we
can distinguish Case-II from Case-III though Case-III
and Case-V cannot be distinguished from each other.
But this problem can be solved if we concentrate on
Fig. 5(c) which has been plotted for the allowed highest
values of Aτ = 64.6, 63.8, 83.3 and Bτ = 0 for
dΓ
dcosθ
. In
this case though Case-II and Case-III are looking very
similar but Case-V can be clearly distinguishable from
Case-II and Case-III. Same conclusion goes for Fig. 5(d)
which is a plot for dΓ
dcosθτ
for the allowed highest values
of Aτ = 64.6, 63.8, 83.3 and Bτ = 0. The analysis of
these four plots gives us a clear picture of the way to
distinguish the individual presence of CNPAA , CPP and
simultaneous presence of both CNPAA and CPP with SM.
Next we need to explain how to figure out the presence
of CPS i.e. NP3 with SM. From Table. (II), we notice
that though the ranges of Aτ are same for Case-I and
Case-IV, the main difference comes in the allowed
non-zero values of Bτ in Case-IV. This situation is
explored in Fig. 6. Fig. 6(a),(c) represents the plot of
dΓ
dcosθ
as a function of cosθ and Fig. 6(b),(d) represents
the plot of dΓ
dcosθτ
as a function of cosθτ . The detail
values of Aτ , Bτ and their relative phase φAτ Bτ are
mentioned in the plots. From these four figures we
can see that it requires precision measurement to
determine the presence of CPS with SM. NP3 is present
in Case-VI, VII and VIII too. Now we have to check
how to differentiate these cases from each other through
angular analysis. Similar type of analysis is presented in
Fig. 7(a)-(d) where Case-IV can be clearly distinguished
from Case-VI and VII. How to separate Case-II from
Case-VI, that is shown in Fig. 8(a)-(b). Like this, we
can have many more possibilties to show that each of
the cases mentioned in Table. (II) can be distinguished
from each other through angular analysis. We are not
presenting all these figures. But it is now clear that using
our angular analysis we not only can suggest a clean way
to check the presence of NP, our analysis also has the
potential to predict the Lorentz nature of the present NP.
Isolate the New Physics from Standard Model
In previous section we have shown how to detect
the presence of NP from the decay width and an-
gular analysis of the cascade decay B0s → τ+τ− →
(ρ+ν¯τ )τ+(pi
−ντ )τ− → ((pi+pi0)ρ+ ν¯τ )τ+(pi−ντ )τ− . We
have explained that if NP is present, how to figure
out it’s Lorentz structure using our analysis for the
mentioned cascade decay. But then next question which
comes in mind is “will we be able to separate the effect
of pure NP from the effect of pure SM or a combination
of SM+NP?” To answer this question, we notice from
Eq. (6) that Bτ depends only on NP3(CPS) whereas
Aτ depends on SM(C
SM
AA ), NP1(C
NP
AA ) and NP2(CPP ).
This signifies that from Aτ , we cannot isolate the NP
from SM. But if we can establish some difference due to
the presence of Bτ only, then that should be a definite
indication of NP. In this section our main aim is to show
whether we can isolate Bτ dependence or not.
First of all only in the presence of SM, Aτ is restricted
between 19− 21.5 and Bτ = 0. On average if we choose
Aτ = 20, it is allowed by all possible cases of Table. (II)
but Bτ = 0 in the absence of NP3. For Aτ = 20,
Bτ can be as large as 11.4 for Case-IV whereas for
Case-VI, VII and VIII Bτ can be as large as 22.7. We
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FIG. 9: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for |Aτ | = 20 and smallest and largest values of |Bτ | for
Case-VI, VII and VIII. (b) Variation of observable dΓ
dCosθτ
as
a function of Cosθτ for |Aτ | = 20 and smallest and largest
values of |Bτ | for Case-VI, VII and VIII. (c) Variation of ob-
servable dΓ
dφ1
as a function of φ1 for |Aτ | = 20 and smallest and
largest values of |Bτ | for Case-VI, VII and VIII. (d) Variation
of observable dΓ
dφ
as a function of φ for |Aτ | = 20 and small-
est and largest values of |Bτ | for Case-VI, VII and VIII. For
all these diagrams we have chosen the relative phase φAτ Bτ
between Aτ and Bτ as zero.
plot dΓ
dcosθ
and dΓ
dcosθτ
in Fig. 9(a) and (b) respectively
for Aτ = 20, Bτ = 0 and Aτ = 20, Bτ = 22.7. There
is a clear difference between these two situations,
hence, there is a possibility to isolate NP3 from SM for
Case-VI, VII and VIII. For Case-IV we have already
shown in Fig. 6 that with precision measurement the
presence of NP3 can be isolated. Plot for
dΓ
dφ1
and dΓ
dφ
in
Fig. 9(c) and (d) also emphasizes on the same conclusion.
Further we notice that the partial decay widths are
sensitive to Bτ for small values of Aτ . This can be seen
from Fig. 10. Small value of Aτ is chosen for Fig. 10(c)-
(d), whereas for Fig. 10(a)-(b) sufficiently large value of
Aτ is chosen. Presence of non-zero Bτ is more prominent
for Fig. 10(c)-(d) than Fig. 10(a)-(b). Using this fact we
can further isolate the effect of Bτ . Aτ = 1 is allowed for
Case-II, III, V as well as for Case-IV, VI, VII and VIII.
The main difference is that for Case-II, III, V, NP3 is not
present i.e. Bτ = 0 for Aτ = 1 whereas for Case-VI, VII
and VIII, NP3 is present that means Bτ can be equal
to 22.7 for Aτ = 1. Plots for partial decay widths
dΓ
dcosθ
,
dΓ
dcosθτ
, dΓ
dφ1
and dΓ
dφ
in Fig. 11(a),(b),(c) and (d) shows a
clear difference for these two different situations. This
way too we can isolate the effect of pureNP3 dependence.
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FIG. 10: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for largest value of |Aτ | and for smallest and largest val-
ues of |Bτ | for Case-VII. (b) Variation of observable
dΓ
dCosθτ
as a function of Cosθτ for largest value of |Aτ | and for small-
est and largest values of |Bτ | for Case-VII. (c) Variation of
observable dΓ
dCosθ
as a function of Cosθ for smallest value of
|Aτ | and for smallest and largest values of |Bτ | for Case-VII.
(d) Variation of observable dΓ
dCosθτ
as a function of Cosθτ for
smallest value of |Aτ | and for smallest and largest values of
|Bτ | for Case-VII. For all these diagrams we have chosen the
relative phase φAτ Bτ between Aτ and Bτ as zero.
IV. SUMMARY AND CONCLUSION
In this paper we have computed the bounds on the
couplings of the loop mediated general Hamiltonian
involved in the leptonic decays of B0s meson. We have
implemented several features in this analysis which were
not considered into account earlier. Present experimen-
tal bound on BR(B0s → µ+µ−) is considered in our
analysis (previously we have only the upper bounds).
In this study we have worked in a completely model
independent fashion and have included the couplings
allowed by all possible Lorentz structure in this decay
mode. The possibility of both real or complex couplings
have been considered. As the experimental and SM
estimated branching ratios for B0s → µ+µ− are in the
same regime, NP couplings are much more restricted
now. Interference between SM and various NP couplings
play a very crucial role in determining the bounds,
particularly when both NP1(C
NP
AA ) and NP2(CPP ) are
simultaneously present. There is an intricate interplay
among different amplitudes.
Similar couplings are going to affect the branching
ratio of B0s → τ+τ−. To observe the effect due to
the presence of NP, we have explored the angular
analysis of B0s → τ+τ− → (ρ+ν¯τ )τ+(pi−ντ )τ− →
((pi+pi0
ρ+
+ ν¯τ )τ+(pi
−ντ )τ− cascade decay. In this angular
analysis we have suggested five observables, which can
provide sizeable difference from SM in the presence of
NP. Not only that, for the simultaneous presence of
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FIG. 11: (a) Variation of observable dΓ
dCosθ
as a function of
Cosθ for |Aτ | = 1 and smallest and largest values of |Bτ | for
Case-VI, VII and VIII. (b) Variation of observable dΓ
dCosθτ
as a
function of Cosθτ for |Aτ | = 1 and smallest and largest values
of |Bτ | for Case-VI, VII and VIII. (c) Variation of observable
dΓ
dφ1
as a function of φ1 for |Aτ | = 1 and smallest and largest
values of |Bτ | for Case-VI, VII and VIII. (d) Variation of
observable dΓ
dφ
as a function of φ for |Aτ | = 1 and smallest
and largest values of |Bτ | for Case-VI, VII and VIII. For all
these diagrams we have chosen Aτ = 1 and the relative phase
φAτ Bτ between Aτ and Bτ as zero.
NP1, NP2, NP3 or NP1, NP3 or NP2, NP3 we have
managed to show an analysis to isolate purely NP effects
from SM effects too, which is quite an accomplishment.
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VI. APPENDIX
The partial decay width of the cascade de-
cay B0s → τ+τ− → (ρ+ν¯τ )τ+(pi−ντ )τ− →
((pi+pi0)ρ+ ν¯τ )τ+(pi
−ντ )τ− has been expressed in Eq. (17).
It involves the matrix element for this process. This
matrix element has terms containing |Aτ |2, |Bτ |2,
Real(Aτ B
∗
τ ) and Img(Aτ B
∗
τ ). The coefficients of |Aτ |2
has been listed in Table.(III) . The coefficients of |Bτ |2
has been listed in Table.(IV) whereas the coefficients of
Real(Aτ B
∗
τ ) has been listed in Table.(V) and the coeffi-
cients of Img(Aτ B
∗
τ ) has been listed in Table. (VI).
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TABLE III: Coefficients of |Aτ |
2 term in |M|2 of Eq. (17)
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TABLE IV: Coefficients of |Bτ |
2 term in |M|2 of Eq. (17)
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TABLE V: Coefficients of Real(Aτ B
∗
τ ) term in |M|
2 of Eq. (17)
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TABLE VI: Coefficients of Img(Aτ B
∗
τ ) term in |M|
2 of Eq. (17)
